The purpose of the current study was to understand how visual information about an ongoing change in obstacle size is used during obstacle avoidance for both lead and trail limbs. Participants were required to walk in a dark room and to step over an obstacle edged with a special tape visible in the dark. The obstacle's dimensions were manipulated one step before obstacle clearance by increasing or decreasing its size. Two increasing and two decreasing obstacle conditions were combined with seven control static conditions. Results showed that information about the obstacle's size was acquired and used to modulate trail limb trajectory, but had no effect on lead limb trajectory. The adaptive step was influenced by the time available to acquire and process visual information. In conclusion, visual information about obstacle size acquired during lead limb crossing was used in a feedforward manner to modulate trail limb trajectory.
When negotiating obstacles during locomotion, the control system is highly dependent on visual information to pick up information about obstacle location and height as well as the relative position of the body and obstacle. Vision is a unique sensory system since it provides environmental information at a distance (visual exteroceptive information), information about the changes in the posture and movement of the lower limbs relative to each other and the environment (visual exproprioceptive information), and global information about self-motion (Patla, 1997 (Patla, , 1998 .
There is evidence that visual exteroceptive information is used in a feedforward mode to control locomotion over obstacles (Mohagheghi, Moraes & Patla, 2004; Patla, 1997 Patla, , 1998 Patla & Vickers, 1997) . Although obstacle information up to two steps before crossing seems to be sufficient to control limb elevation properly, exproprioceptive information about the lower limb can be used in an on-line mode to fine-tune the swing limb trajectory (Patla, 1998; Rhea & Rietdyk, 2007) . Since individuals do not fixate on the obstacle during crossing (Patla & Vickers, 1997) , information from peripheral vision seems to be critical for fine-tuning limb elevation.
In most of the previous studies, obstacle avoidance has involved static obstacles. In this case, the central nervous system (CNS) has enough time to acquire and process visual information about both location and dimensions of the obstacle that are necessary to plan and execute appropriate limb elevation adjustments. However, when there is an unpredictable change in the environment, successful obstacle avoidance can be constrained by the time available to acquire and use visual information. Thus the question that needs to be addressed is how visual information about an ongoing change in obstacle size is used during dynamic obstacle avoidance.
Some insights into dynamic obstacle avoidance were offered by a study where individuals had to step over an obstacle that was released onto a moving treadmill at random times (Marigold, Weerdesteyn, Patla & Duysens, 2007) . The researchers manipulated the time available to step over the obstacle (200-450 ms) and the visual cues available (i.e., central or peripheral vision conditions). The results showed that peripheral visual information was sufficient for successful obstacle avoidance. The onset of the ipsilateral biceps femoris activation, which represents the time for visuomotor transformation, occurred at approximately 130 ms after obstacle release. In addition, Patla, Beuter, & Prentice (1991) have shown a twostage correction to the unexpected appearance of a second obstacle in the landing zone after a first fixed, unchangeable obstacle. The first reaction was independent of the height of the second obstacle and occurred 122 ms from obstacle appearance. The second response, which was scaled to obstacle height, occurred 160 ms after the first one. Therefore, the first reaction was a default response, not dependent on the obstacle's characteristics. Interestingly, this first reaction was always appropriate to the highest obstacle, making it a safe response to properly clear the obstacle.
The occurrence of a default response associated with unexpected changes raises the question of whether participants prefer to use a safe response (i.e., maximum limb elevation) or simply do not have enough time to produce an appropriated scaled adjustment. Changing obstacle size during ongoing movements is an interesting and appropriate paradigm to assess the role of visual information during adaptive locomotion since the person needs to pick up the change in obstacle size while stepping over the obstacle.
In fact, when a sudden change in obstacle height occurs during the swing phase, visual information can be used to control foot clearance. Perry and Patla (2001) have found that participants produced a default response to a sudden change in obstacle height one step before clearance. They found that peak toe elevation in the height change condition was higher than the values obtained in the static condition. Although this study provided some interesting insights about visual control to an ongoing change in obstacle height, two important limitations need to be addressed. First, Perry and Patla (2001) only analyzed an increase in obstacle height, in particular only one increase in height was considered. The use of only one increase in height limits any conclusion about a default response, since it is possible that the presence of a second increase could result in a different amount of limb elevation. Second, Perry and Patla (2001) only analyzed lead limb trajectories. Mohagheghi et al. (2004) have shown that visual information acquired during lead limb obstacle crossing was not used for trail limb control. However, it is not known if an ongoing change in obstacle dimensions during lead limb crossing could have a different effect on trail limb crossing.
Changes in an obstacle's dimensions (i.e., height and width simultaneously) affect visual information about obstacle position and obstacle height and, consequently, the foot position during the approach phase and the limb elevation during obstacle crossing. As well, changes in the rate of object magnification can indicate whether the animal is approaching faster or slower. Gibson (1958) , in his theory of the visual control of locomotion, proposed that when approaching an obstacle, the rate of magnification of the obstacle's edge within the optic array was an effective stimulus for guiding an animal's behavior. This idea was tested by Savelsbergh et al. (1991) who showed that manipulating a ball's size as it approached a catcher affected the timing of hand adjustments. Although participants adjusted hand aperture appropriately in response to different ball sizes (small, large, and deflating ball from large to small), the time of maximal closing velocity of the hand was delayed for the deflating ball as compared with the balls with constant size.
The purpose of the current study was to understand how visual information about an ongoing change in obstacle size affects limb trajectory for both lead and trail limbs. In particular, we examined whether limb adjustments follow the direction and the magnitude of the obstacle size changes.
Methods

Participants
Five healthy, adult female individuals with normal visual acuity (age: 30.0 ±7.6 yrs; height: 161.4 ±2.51 cm; body mass: 55.6 ±7.7 kg; step length: 66.2 ±4.02 cm; leg length: 42.2 ±0.23 cm) participated in this study. All participants gave informed consent before data collection. This study was approved by the University of Waterloo Office of Human Research and Animal Care.
Apparatus and Procedure
An obstacle apparatus was built specially for this experiment. This apparatus was equipped with two independent step motors controlled by customized software (SIProgram-Applied Motion Products, Watsonville, California, USA) that allowed change in the obstacle's size in the diagonal direction, to create the perception that the obstacle was expanding or shrinking ( Figure 1 ). The whole apparatus was black and the inner portion of the obstacle was filled with black paper. The maximum and minimum height and width of the obstacle were 33.0 and 36.0 cm and 36.0 and 43.0 cm, respectively. The edges of the obstacle were taped with "glow in the dark" tape (5.0 cm width), which was visible in the dark. Therefore, when in the dark, participants could see only the edges of the obstacle, since the whole background was black.
Obstacle size manipulations were created by increasing or decreasing the obstacle height and width proportionally. Four experimental conditions were used. In two conditions the obstacle size increased (Up conditions), whereas in other two conditions the obstacle size decreased (Down conditions) after the participant had stepped on a force plate (see details below) (Figure 1 ). In both Up conditions, the initial obstacle size was 33.0 cm high and 36.0 cm wide. In the Up 1 condition, the obstacle height increased 3.0 cm and the width increased 3.5 cm. For the Up 2 condition, the obstacle height increased 6.0 cm and the width increased 7.0 cm. In both Down conditions, the initial obstacle size was 39.0 cm high and 43.0 cm wide. In the Down 1 condition, the obstacle height decreased 3.0 cm and the width decreased 3.5 cm. For the Down 2 condition, the obstacle height decreased 6.0 cm and the width decreased 7.0 cm. The time required for the obstacle to move from the initial to final size was 335 ms and 500 ms for conditions 1 and 2, respectively, in both Up and Down conditions. Ten trials were collected for each of these conditions, totaling 40 obstacle size change trials (32% of the trials). In the remaining 85 trials (68% of the trials), obstacle size remained constant for the duration of the trial, although it varied in size from trial to trial (C1: 33 × 36, C2: 34 × 37, C3: 35 × 38.5, C4: 36 × 39.5, C5: 37 × 41, C6: 38 × 42, and C7: 39 × 43 cm). Fifteen trials were collected for conditions C1, C4, and C7 and five trials were collected for conditions C2, C3, C5, and C6. Only data for conditions C1, C4, and C7 were analyzed (10 random trials) and were used as control conditions (Cntr 0 , Cntr 1 , and Cntr 2 respectively). Trials were completely randomized. The lowest obstacle height corresponded to 78% of the average leg length; since all the participants had similar values for leg length and height (see participants subsection), all the obstacle heights were kept the same.
All trials were done in complete darkness. Between trials, two "spotlights" (400 W) were used to recharge the obstacle tape and to prevent dark adaptation by the participants. The intertrial interval lasted approximately one minute. During "lights on", participants stood facing away from the obstacle. After "lights off", participants turned around and faced the obstacle.
Participants were instrumented with 14 infra-red light emitting diode (IRED) markers placed bilaterally on the top of the big toe, heel, lateral malleolus, femur head, greater trochanter, anterior superior iliac spine, and greater tubercle of humerus. Three markers were placed on the obstacle (top right, top left, and bottom right). Markers were monitored by OPTOTRAK cameras (Northern Digital, Waterloo, Ontario, Canada) tracking the IREDs at 60 Hz. Participants walked along a 5-m pathway with two forceplates (AMTI, Boston, USA) embedded in it. The obstacle was positioned after the first forceplate ( Figure 1 ). Obstacle size changes were triggered at left heel contact on the first forceplate. Participants stepped with their left foot on the forceplate and cleared the obstacle with their right foot (lead limb). After that, they cleared the obstacle with their left foot (trail limb). The walking starting position was adjusted for each participant so that the left foot would normally land on the center of the force plate. Changes in obstacle dimensions were restricted to the last step before obstacle crossing, since a previous study (Patla, 1998) showed that visual information is used on-line within this step. Participants were given a few practice trials before starting data collection to ensure that they stepped on the same location on the force plate. Participants listened to white noise through headphones to mask the noise from the obstacle apparatus.
Data Analysis
A 4th order low-pass digital Butterworth filter with a cut-off frequency of 6 Hz was used to filter the kinematic data. Toe-off and heel contact of the left and right foot before and after crossing the obstacle were obtained from the forceplate signal (heel-contact > 15N and toe-off < 5N). Heel markers were used to compute step length, which was used for calculating step speed considering also step duration as follows: step speed = step length/step duration. The trajectory of the toe marker of the lead and trail limbs was used to calculate toe clearance (TC), peak toe elevation (PTE), time to toe clearance (TTC) and time to peak toe elevation (TPTE). TC was measured by the vertical difference between the toe marker and the top right obstacle marker when the foot was over the obstacle (same horizontal position). PTE was measured by the highest value of the toe marker during the swing phase. TTC was measured as the time spent from toe-off to TC. TPTE was measured as the time from toe-off to PTE. To estimate whether there was enough time to change limb trajectory, the time elapsed between obstacle final size and peak toe elevation (T elapsed ) was calculated. Positive values indicated that the obstacle reached its final size before peak toe elevation.
Three one-way ANOVAs with repeated measures were carried out for each dependent variable: TC, PTE, TTC, and TPTE. In the first ANOVA, the control conditions were included (Cntr 0 , Cntr 1 , Cntr 2 ). In the other two ANOVAs, control and experimental conditions were combined in a way that Cntr 0 , Up 1 , and Up 2 (initial obstacle size was the same) were included in one analysis and Cntr 2 , Down 1 , Down 2 (initial obstacle size was the same) were included in the other analysis. The variability of all dependent variables was also analyzed. Alpha value was set at 0.05. When main effects were identified, post hoc analyses (LS-means) were carried out.
Results
Step speed was calculated for the step before obstacle crossing (N-1) and for the obstacle crossing step (N) for the two conditions (control and size change conditions). Two-way ANOVAs (step x condition) with repeated measures in both factors showed only a main effect of step (Control: F 1,4 = 14.834, p = .018 | Down: F 1,4 = 19.293, p = .012 | Up: F 1,4 = 21.086, p = .010). The overall mean was equal to 137.1 cm/s (±1.6) and 77.1 cm/s (±5.2) for steps N-1 and N, respectively. Therefore, step speed during the approach phase was not affected by obstacle condition.
Typical trajectories of the body markers in the sagital plane for both lead and trail limbs are shown in Figure 2 . For the lead limb, the markers' trajectories were quite similar in all the conditions tested. For the trail limb, trajectories were also similar for all the conditions tested, except for the knee joint, where a more pronounced elevation for the control conditions as compared with obstacle change conditions was seen. It can also be seen that peak toe elevation (PTE) always happened after obstacle crossing for the lead limb. For the trail limb, however, PTE happened close to obstacle crossing, or even before crossing as seen in the Up 1 condition.
Toe Clearance (TC)
For the Control and Down conditions, lead limb TC was significantly affected by obstacle size (F 2,8 = 6.13, p = .024 | F 2,8 = 45.9, p = .001, respectively). For the Control condition, there was a trend to reducing TC as the obstacle size increased ( Figure  3A) , although post hoc analysis showed a significant difference only between the smallest (Cntr 0 ) and the largest (Cntr 2 ) obstacles (p = .008). For the Down condition, post hoc analyses showed differences between Down and Control conditions (Cntr 2 vs. Down 1 : p < 0 .0001 | Cntr 2 vs. Down 2 : p < .0001). TC increased even when the obstacle size decreased ( Figure 3C ). There was no significant obstacle size effect for the lead limb TC for the Up conditions ( Figure 3E ). It is important to note that part of the TC increase for the Down condition was related to obstacle size decrease. This increase in TC corresponded to 28.0% and 34.4% whereas the decrease in obstacle size at TC corresponded to 10.1% and 15.1% for Down 1 and Down 2 conditions, respectively.
For the trail limb TC, there was no significant obstacle size effect ( Figure 3B , D and F). TC variability did not differ significantly for either lead or trail limbs in all the obstacle conditions.
Altogether these data suggest that there was a modification in lead limb trajectory, which in turn resulted in increase in the lead limb TC for the Down condition (only part of increase in TC for the Down condition was due to obstacle size shrinking). For the trail limb, the trajectory was also modified, but in this case to maintain a constant TC, regardless of the change in obstacle dimensions. vs. Cntr 1 : p = .008 | Cntr 2 vs. Cntr 0 : p = .01). Analysis of the PTE for the lead limb during Down conditions showed that the response for both size changes was similar, but different from the PTE during control condition (Cntr 2 vs. Down 1 : p = .006 | Cntr 2 vs. Down 2 : p = .002). Surprisingly the PTE did not decrease during the Down conditions, but rather it was observed to increase as obstacle size reduced ( Figure  4C ). A similar result was found for the PTE of the lead limb in the Up condition. As the obstacle size increased, PTE increased, although it was not scaled to the obstacle size changes ( Figure 4E ). There was a common response for both magnitude changes (Cntr 0 vs. Up 1 : p = .0004 | Cntr 0 vs. Up 2 : p = .0006).
Interestingly, despite the changes (increase or decrease) in obstacle height, the PTE of the lead limb was always higher for change conditions than for the control condition. To help understand this effect, an additional one-way analysis of variance was done to compare the PTE for all obstacle change conditions (i.e., Up 1 , Up 2 , Down 1 , and Down 2 ) in relation to the highest control condition (Cntr 2 ; F 4,16 = 3.21, p = .04). This analysis showed that the PTE for the obstacle size change conditions was higher than the highest control condition and was not significantly different between the size change conditions, which suggests the presence of a default response for the lead limb irrespective of obstacle size modifications.
PTE for the trail limb increased as the obstacle size increased for the control conditions ( Figure 4B ). Post hoc analysis showed that only the largest obstacle size was statistically different from the others (Cntr 2 vs. Cntr 0 : p = .0001 | Cntr 2 vs. Cntr 1 : p = .005). Analysis of the changing size conditions (Up and Down) suggests a direction and magnitude effect of object size. When the obstacle size diminished (Down conditions), the PTE also decreased ( Figure 4D ). A significant difference was found between both Down 1 and Down 2 conditions and the Cntr 2 condition (Cntr 2 vs. Down 1 : p = .0005 | Cntr 2 vs. Down 2 : p < .0001). As well, for the Up conditions, when the obstacle size increased PTE for the trail limb increased ( Figure 4F ). Post hoc analysis showed a significant difference between Cntr 0 and Up 2 (p = .008). PTE variability did not differ significantly for either lead or trail limbs in any of the obstacle conditions. In contrast to lead limb behavior, the trail limb showed an adaptation of the PTE, which was appropriate for the direction of obstacle change.
Timing Measures
Analysis of the TTC yielded no statistically significant results for the lead limb. Average TTC was 0.43 ±0.02s. Figure 5F ). In general, these results suggest that lead limb timing measures were unaffected by obstacle size changes, whereas trail limb timing was adjusted accordingly to obstacle size modifications.
Time Elapsed Between Final Obstacle Size and Peak Toe Elevation for the Lead Limb
When the magnitude of the change was large (from Cntr 0 to Up 2 and from Cntr 2 to Down 2 ), the PTE occurred almost at the same time as the obstacle reached its final size (Change 2 in Figure 6A) ; PTE occurred 5 ms after the obstacle reached its final size. The position of the foot when the obstacle reached its final size is shown in Figure 6B . It is clear that for the large magnitude change, the foot had already crossed the obstacle. With the small magnitude change (from Cntr 0 to Up 1 and from Cntr 2 to Down 1 ), the PTE occurred 148 ms after the obstacle reached its final size.
The time difference between lead limb TC and the instant that the obstacle reached its final size was also calculated. Negative values indicate that the obstacle arrived at the final size before TC and vice-versa for positive values. For Down 1 and Up 1 conditions the values were positive (0.087s and 0.086s, respectively). For Down 2 and Up 2 conditions the values were negative (-0.044s and -0.068s, respectively). Altogether these results showed that there was usually not enough time available to perceive the full change in obstacle size before the crossing of the lead limb over the obstacle, especially for the largest change in obstacle size. Only the initial changes in obstacle size occurred before limb crossing and could have affected the responses, in principle. In the left column, it is shown the time from toe-off to toe clearance of the trail limb during control (A), decrease (C) and increase (E) conditions. In the right column, it is shown the time from toe-off to peak toe elevation of the trail limb during control (B) decrease (D) and increase (F) conditions. (* p ≤ .05; ** p ≤ .01)
Discussion
Participants stepped over obstacles that were changing in size to study how visual information is used to control lead and trail limbs during obstacle avoidance. Obstacle size could either increase or decrease by a small (i.e., condition 1) or large (i.e., condition 2) magnitude. The timing measures for the trail limb were in accordance to the final obstacle size. The increase in obstacle size for the control conditions resulted in a later occurrence of time to toe clearance and time to peak toe elevation for the trail limb ( Figure 5) . Similarly, the obstacle size expanding condition resulted in later occurrence of these timing events. For the obstacle size shrinking condition, the time to toe clearance occurred early as would be expected. Hence, this result suggests that participants were adjusting the timing of the trail limb elevation accordingly to obstacle final size change. For the lead limb, however, participants did not change their movement timing while crossing the obstacle. Overall, the present data show three main results. First, for all variables measured, no difference was found for the size of change manipulation in either Up or Down obstacle change conditions. Second, obstacle size manipulation generated the same response for the lead limb, irrespective of direction of change (i.e., Up or Down conditions). Third, trail limb trajectory was adapted according to obstacle size direction manipulations. The following sections of the discussion will be organized to address these three main results.
Magnitude of Obstacle Size Manipulation Did Not Influence Lead and Trail Limbs Trajectory
Interestingly, for all variables measured, obstacle size changes 1 and 2 resulted in similar responses, especially for the lead limb. For the trail limb, however, a linear trend can be noted for the PTE, although there was no statistical difference between changes 1 and 2 (Figure 4) . There are several possible reasons for the lack of difference between changes 1 and 2. First, the difference between changes 1 and 2 might not be perceivable-the size increment from change 1 to change 2 could be smaller than the just noticeable difference (i.e., differential threshold). However, the difference in obstacle size between change 1 and the control condition did produce a modification in limb trajectory and this increase in obstacle size was the same as the difference between changes 1 and 2.
Second, it is possible that the angle between eye and obstacle did not allow the visual system to monitor the obstacle size changes. In this case, the quality of the visual information would be impoverished. However, Patla and Vickers (1997) have shown that the eye is not directed to the obstacle when stepping over it; peripheral visual information seems to be enough to guarantee a fine-tuning of the lower limb over different obstacle heights (Patla, 1998; Marigold, et al., 2007) .
A third possible explanation relates to the existence of a default or generic response, which results in the same limb elevation irrespective of obstacle size change. This seems particularly true for the lead limb since a nonlinear trend can be seen for the PTE (Figure 4 ).
Obstacle Size Manipulation Resulted in a Default Elevation of the Lead Limb
For the lead limb, the increase in PTE for the Up conditions was the same as for the Down conditions, indicating that PTE increased even when the obstacle shrank. This result was not expected, since the obstacle was becoming smaller and there would be no apparent reason to increase lead limb elevation. Lead limb response was always the same, independently of the obstacle size change and was even larger than the PTE observed for the highest static obstacle. The reason for this default response can be related to safety considerations and to the available response time to implement lead limb trajectory modifications.
A default response corresponds to a response that results in the same outcome independently of differences in the context conditions. The default response shown for the current study would always allow the participant to clear the highest obstacle.
Previous studies have also reported the existence of default responses when avoiding obstacles (Perry & Patla, 2001; Patla et al., 1991) or when tracking a target using hand movements (van Donkelaar, Lee & Gellman, 1992) . In these studies, participants always initiated the response in the same way and latter, if necessary, implemented adjustments according to the task and/or environmental conditions. The present results are also in accordance to the results of van Hedel, Biedermann, Erni and Dietz (2002) who showed that subjects started using a response with a high toe clearance when the lower visual field was obstructed, but with repetition of the stimulation the toe clearance decreased. Thus the response for the lead limb can be seen as the choice for an exaggerated ("default") response in the face of uncertainty of the obstacle size change.
By elevating the limb enough to clear the highest obstacle used, participants guaranteed that the foot would not contact the obstacle, adopting a safe strategy. Patla et al. (1991) found a two stage correction when participants were required to avoid a second obstacle that appeared on the landing area of the swing foot. The first correction was always sufficient to clear the highest of the two obstacle heights used. Only after a few milliseconds did a second correction take place to fine-tune the foot trajectory when the obstacle height was smaller than previously thought by the participant. According to these authors, the initial default response may have occurred due to the participants' uncertainty about the magnitude of obstacle size changes (the probability of specific obstacle changes was small), which may also explain the present results. In the current study, the probability of obstacle size change was also small (i.e., 0.32). Therefore, participants would be uncertain about the obstacle size direction change and would need vision to detect this change. Since the participants could not perceive the full change in obstacle size before crossing the obstacle, they opted to constantly elevate the limb sufficiently to clear the highest obstacle size. This suggests that the participants were not able to detect the direction or size of the change in obstacle size, but only that there was a change.
It seems that for the lead limb, participants did not have enough time to detect obstacle size change and/or implement an appropriate change in foot trajectory. This was especially true for change 2 (Figure 6 ). For change 1, participants would have enough time (i.e., 148 ms) to modify the lead limb trajectory as pointed out by Weerdensteyn et al. (2004) . These authors found that foot trajectory can start changing within 120 ms for tasks where the obstacle changes its position during task performance under predictable velocity, suggesting the existence of a subcortical pathway for lower limb control during rapid environmental changes. In less dynamic tasks, the latency for foot trajectory changes can be increased as pointed out by Moraes, Allard and Patla (2007) .
When target velocity was unpredictable, hand movement initiated before visual motion processing was completed, which took approximately between 200-400 ms (van Donkelaar, Lee & Gellman, 1992) . In this case, participants produced an initial default response and latter adjusted this initial response to the actual target velocity. Since participants in the current study were unaware about the existence of two changes in obstacle size, they always performed the same response for the lead limb because of the small available response time to process obstacle size change and implement lead limb trajectory changes.
Trail Limb Trajectory Was Appropriately Adjusted to the Direction of the Obstacle Size Change
In contrast to the lead limb, trail limb trajectory was appropriately adjusted to the direction of obstacle size changes as observed by the PTE results (Figure 4) . Toe clearance of the trail limb remained the same (Figure 3) , regardless of the changes in obstacle size, suggesting that participants appropriately modulated limb elevation to clear the obstacle and kept foot-obstacle distance constant. Both toe clearance and PTE results suggest that participants could use the visual information about obstacle size change obtained during lead limb obstacle clearance for controlling the trail limb elevation. It is important to note that before lead limb heel contact after crossing the obstacle, the obstacle had reached its final size and was not changing anymore. The obstacle reached its final size closely to lead limb TC as can be seen in the time difference between lead limb TC and the moment when the obstacle reached its final size ( Figure 6 ). During trail limb crossing, the subjects had a considerable amount of time to process visual information about obstacle height acquired during lead limb crossing (Mohagheghi et al., 2004) . The adjustments in the trail limb trajectory were probably based on the peripheral vision information from the lower visual field acquired during lead limb crossing (Marigold et al., 2007) .
In addition, the PTE results of the trail limb are evidence that visual information about obstacle size was used to plan the trail adaptive step in a feedforward manner. Values of the PTE followed the direction of the obstacle changes. When the obstacle increased in size, the PTE increased, and when the obstacle decreased in size the PTE also decreased. It has been typically observed in obstacle studies that the control of the lead and trail limbs are independent (Mohagheghi et al., 2004; Patla, Martin, Rietdjk, & Prentice, 1996; Patla, 1997 Patla, , 1998 . However, all these studies used static obstacles. In the current study there was a change in obstacle size and this could have changed this mode of control. Availability of visual information during the lead limb crossing step was used in the current study to control trail limb trajectory in an anticipatory mode of control. Previous studies have found no such association. Mohagheghi et al. (2004) found that availability of visual information during lead limb obstacle crossing had no influence on the control of the trail limb movement trajectory. However, in the study of Mohagheghi et al. (2004) the obstacle was kept static during its crossing. It seems that when there is an ongoing change in obstacle size, trail limb uses visual information available during lead limb crossing to properly plan limb elevation.
Conclusions
Overall, modulations of the lead and trail limbs were influenced by safety considerations and by the time available to acquire and process visual information. While the strategy was a default response for the lead limb (not scaled to the environmental changes), the trail limb elevation changed proportionally to the direction of obstacle size modification. This study thus demonstrates that visual information acquired during lead limb obstacle crossing can be used by the trail limb to plan limb elevation. The results of this experiment provide insights on how visual information is used to control locomotion in a dynamic environment.
